The genus Asarum L. (Aristolochiaceae) comprises about 90 species, mainly distributed in Europe, East Asia and North America. Various species produce essential oil whose composition has been investigated.
Most reported essential oils contained phenylpropanoids as major components and these compounds have been suggested as being responsible for the reported biological activity. For instance, the composition of the essential oil from A. canadense L., investigated as early as 1902, contained methyleugenol as its major component (36.9%), which was identified by chemical means [1] . A detailed analysis of this oil was recently provided by Bélanger et al. [2] , who identified various elemicin and iso-elemicin derivatives. The rhizome oil contained 53.6% of methyleugenol and 2.2% of asaricin, while the root oil contained (E)-iso-elemicin (20.0%) and elemicin (4.9%) [2] . Methylisoeugenol (33.3%) and α-asarone (19.2%) were the main constituents of the leaf oil from A. forbesii Maxim, while α-asarone (58.8%) and methyleugenol (10.3%) were the major components of the root oil [3] . The composition of A. heterotropoides root oil was subject to seasonal variation; methyleugenol (21%-39%) and safrole (17%-33%) were the major components [4] . Methyleugenol (59.4%) was also the major component of A. heterotropoides var. mandshuricum oil, accompanied by elemicin (5.7%), and two monoterpenes, eucarvone (24.1%), and 3-carene (4.9%) [5] . (E)-Asarone (59.1%) was by far the major component of A. europaeum root oil, accompanied by bornyl acetate (7.5%) [6] . In contrast, various monoterpenes have been reported as the main volatile compounds of A. insigne: camphene (13.5%), -pinene (12.4%), -pinene (11.1%) and borneol (8.1%), while three phenylpropanoids were present in moderate amounts: elemicin (5.4%), safrole (3.1%), and myristicin (2.9%) [7] . Similarly, essential oils isolated from aerial parts (fresh/air dried) of A. caulescene were dominated by monoterpenes: β-pinene (7.6%/20.7%), 2-carene (8.9%/8.0%), α-phellandrene (7.8%/14.4%), 1,8-cineole (8.9%/13.3%) and germacrone (46.6%/6.6%) [8] .
Various Asarum species are known as "wild gingers", such as A. asperum (syn. Heterotropa aspera): Japanese wild ginger; A. canadense, Canadian wild ginger; A. europaeum, European Wild Ginger, A. delavayi, Chinese wild ginger; and A. epigynum, Taiwanese wild ginger. In Vietnam, seven Asarum species have been indexed, among them, A. cordifolium C. E. C. Fischer and A. glabrum Merr.
Asarum cordifolium grows wild in dense forest of moist valleys of India and China (altitude 1.500-1.600 m). Morphologically, the species shares some floral aspects with the section Asarum: connate styles, inferior ovary, and free sepals. However, unlike most species of section Asarum, the species has foliage leaves alternate to each other. Phylogenetic analyses indicate that A. cordifolium is closely related to A. caudigerum and A. cardiophyllum [9] . A. cordifolium has been discovered very recently in Vietnam (Sa Pa, Lao Cai province), and its botanical parameters have been reported [10] . In traditional medicine, a decoction of leaves and roots is used against dyspepsia and abdominal pain.
Asarum glabrum Merr., a perennial herb, 20-30 cm high, growing wild in wet soil, is distributed in high mountainous regions of Vietnam, at altitudes over 1.000 m (Hà Giang and Vinh Phuc provinces). This species is listed as vulnerable in the Red Data Book of Vietnam and in the Governmental Decree 32/2006/NĐ/CP. In Vietnamese traditional medicine, the decoction of leaves and roots is also used against dyspepsia and abdominal pain and is considered as a tonic.
In continuation of our on-going work on the characterization of aromatic plants from Vietnam, we became interested in these two Asarum species growing wild in Vietnam, and report here the composition of their essential oils.
The essential oil composition of A. cordifolium is reported for the first time. Water distillation of the air-dried plant (leaves, stems, flowers and roots) yielded a colorless (pale yellow) oil in 0.22% yield (w/w, based on dry material). The essential oil was analyzed by GC (FID), GC (RI), GC-MS and 13 C NMR spectroscopy. The 23 identified components represented 96.5% of the whole composition (Table 1) , which was dominated by phenylpropanoids that accounted for nearly 90% of the total. Elemicin was by far the major component (82.5%), followed by methyleugenol (6.2%). The isomer (E)-iso-elemicin was also detected in the oil, where it accounted only for 0.9%. Various monoterpene hydrocarbons (trace-1.3% each) were detected, as well as a few oxygenated monoterpenes (at trace level or very low content). Finally, three sesquiterpene hydrocarbons were identified by MS and the identification of two of them confirmed by 13 C NMR spectroscopy. The essential oil from Asarum glabrum, obtained by waterdistillation of the whole plant (leaves, stems, flowers and roots), was obtained in a yield of 0.12% (w/w, based on dry material). The 36 identified constituents accounted for 93.7% of the whole composition (Table 1 ). Phenylpropanoids were the major components, with safrole (41.9%) being the major one. Our sample contained other phenylpropanoids in appreciable contents, as well as various sesquiterpenes. Beside safrole, the phenylpropanoids were represented by apiol parsley (8.2%), methyleugenol (6.9%), (E)-asarone (5.3%), -asarone (4.7%), myristicin (4.3%), 4methoxysafrole (3.2%), dill-apiol (3.0%), elemicin (1.6%) and eugenol (0.2%). Various monoterpene hydrocarbons (trace-1.2%) and oxygenated monoterpenes (0.3-1.4%) were detected. Those with a percentage equal to or higher than 1% were: -thujene, pinene, terpinen-4-ol and -terpinyl acetate. Sesquiterpene hydrocarbons were present only at low level. In contrast, sesquicineole, a rare oxygenated sesquiterpene, suggested by MS and unambiguously identified by 13 C NMR spectroscopy, accounted for 2.6% of the composition. Similarly, although the structure of bisabolol (0.4%) has been suggested by MS, the correct relative stereochemistry of the two asymmetric carbons could only be ascertained by NMR. Indeed, -bisabolol and -epi-bisabolol exhibit similar mass spectra, and their retention indices differ only by 2-3 points on both apolar and polar columns. In contrast, the 13 C NMR spectra of both diastereoisomers are well differentiated. It could be pointed out that the oil sample under investigation presented a high diversity of phenylpropanoids (10 compounds identified). In comparison, the sample previously investigated by GC-MS in a preliminary work contained safrole (42.2%), apiol (27.1%, isomer not specified) and myristicin (6.1%) as major components [11] .
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Elemicin, the major component (82.5%) of A. cordifolium essential oil, has been reported as a component of the essential oil of other Asarum species, but in moderate content: A. canadense root oil (4.9%) and rhizome oil (1.6 %) [2] ; A. heterotropoides var. mandshuricum oil (5.7%) [5] ; A. insigne (5.4%) [7] . Safrole, the main component of A. glabrum essential oil, was also found in various Asarum species oils at appreciable and low contents: A. heterotropoides root oil (17%-33%) [4] and A. insigne (3.1%) [7] .
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Among the minor components, methyleugenol (6.2% in A. cordifolium oil and 6.9% in A glabrum oil) has been reported as the major component (59.4%) of A. heterotropoides var. mandshuricum oil [5] , and of the rhizome oil from A. canadense (53.8%) [2] and A. heterotropoides (21%-39%) [4] .
(E)-Asarone (5.3% in A. glabrum oil) was by far the major component of A. forbesii and A. europaeum root oils (58.8% and 59.1%, respectively) and was present in appreciable amount (19.2%) in A. forbesii leaf oil [3, 6] . (E)-iso-elemicin (0.9% in A. cordifolium oil) has been found in A. canadense rhizome oil (20 %) [2] . In contrast, it seems that various phenylpropanoids contained in A glabrum oil (apiol parsley, dill-apiol,-asarone, myristicin, 4methoxysafrole, 3.0% -8.3% each) have not been mentioned as components (at least in appreciable amounts) of other Asarum oils.
A. cordifolium essential oil may be considered as a source of elemicin (82.5%). This compound, not commercially available, was reported as the main component of various essential oils: Artemisia dracunculus L. of Cuban origin (53.0%; beside methyleugenol, 17.6%) [12] ; Cymbopogon flexuosus (Nees ex Steud) Wats., growing wild in northeast India (53.0%) [13] ; Thapsia garganica L., collected in Italy (54-73%) [14] ; Anemopsis californica (Nutt.) Hook. and Arn. (52.3%) [15] , and Tornabenea insularis fruit oil from Cape Verde Islands (82-90%) [16] . Elemicin has been considered as responsible for the antibacterial and antifungal activities of some essential oils. Indeed, the essential oil from Daucus carota L. spp. carota containing elemicin (16.3%) was active against various Campylobacter strains (C. jejuni, C. coli, and C. lari) causing gastroenteritis. For instance, a sub-fraction containing almost pure elemicin (98%) inhibited the growth of C. jejuni (reference strain NCTC 11168, MIC = 250 µg/mL). Therefore, elemicin appeared to be a potential treatment for Campylobacter infections [17] . The essential oil of Daucus carota subsp. halophilus (ripe umbels) that contained elemicin in appreciable amount (26.0%) exhibited fair antifungal activity (MIC values ranging from 0.16 to 0.32 µL/mL). Dermatophyte strains showed more sensitivity to this oil than yeasts and other filamentous fungi. Moreover, the oil showed no cytotoxic effect at concentrations ranging from 0.16 to 0.64 µL/mL for as long as 24 h [18] . However, the genotoxic potential of elemicin was uncertain [19] .
In contrast, the essential oil from A. glabrum that contained 41.9% of safrole should be used with care. Indeed, safrole was once widely used as a food additive, but was banned by the Food and Drug Administration (FDA) after its carcinogenicity in rats was discovered. It is considered by the European Commission on Health and Consumer Protection to be genotoxic and carcinogenic. Today, safrole is also banned for use in soap and perfumes by the International Fragrance Association. Otherwise, this compound is in Category I precursors under regulation No 273/2004 of the European Community, as well as in the List I chemicals of the United States (precursor in the manufacture of the drug MDMA). However, safrole is also a precursor in the synthesis of the insecticide synergist piperonyl butoxide and of pesticides, as well as of other chemicals. The main natural sources for safrole are essential oils from Sassafras albidum, Ocotea pretiosa and Cinnamomum parthenoxylon. We also reported that the Vietnamese Talauma gioi Aug. Chev. (Magnoliaceae) produces a safrole-rich essential oil (84.5%) [20] , as does the Brazilian Piper xylosteoides (Kunth) Steudel (84.1%) [21] .
In conclusion, we report here, for the first time, the composition of the essential oil isolated from A. cordifolium, a plant very recently discovered in Vietnam, that produced an elemicin-rich oil. A detailed analysis of A. glabrum essential oil is also given, demonstrating the diversity of phenylpropanoids contained in this oil (10 compounds 13 C NMR spectra were recorded on a Bruker AVANCE 400 Fourier Transform spectrometer operating at 100.623 MHz for 13 C, equipped with a 5 mm probe, in deuterated chloroform (CDCl 3 ), with all shifts referred to internal tetramethylsilane (TMS). 13 C-NMR spectra were recorded with the following parameters: pulse width (PW), 5 µs (flip angle 45°); acquisition time, 2.7 s for 128 K data table with a spectral width (SW) of 25000 Hz (250 ppm); digital resolution 0.183 Hz/pt. The number of accumulated scans was 3 000 for each sample (about 50 mg of essential oil in 0.5 mL of CDCl 3 ). 
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